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GEOLOGIE EN MUNBOUW 


APPLICATION OF NUCLEAR METHODS IN OIL-WELL LOGGING 


H. NAUTA 1 


ABSTRACT 


A brief description of present day aspects of nuclear 
logging methods is given. Besides the well known 
natural radio-activity log, which is a measurement of 
shale content in some cases, and the gamma-gamma log, 
indicative of the density of the material surrounding 
the borehole, the more sophisticated methods of neutron 
logging are stressed. The interaction of gamma radiation 
and neutrons with matter is discussed and the utility 
of gamma spectroscopy and the detection of gamma 
radiation at different time intervals after the neutron 
irradiation is explained. A measurement of the porosity 
and a chemical analysis of matter surrounding the 
borehole are the most salient features of neutron 
logging nowadays. 


INTRODUCTION 


Most wells drilled in the earth in the search 
for and the production of oil are “logged” with 
tools lowered in the borehole to measure one or 
more properties of the rocks and liquids sur- 
rounding the hole. These properties may be the 
electrical resistance, the “selfpotential”, the ve- 
locity of acoustical waves, etc. The interpretation 
of the logs, based on a comparison with compa- 
rable data from cores taken in wells where logs 
have been run, is frequently not unambiguous, thus 
in order to obtain detailed and accurate infor- 
mation, more than one logging method should 
be applied in each borehole. 

Nuclear logging was introduced to the petro- 
leum industry about 1940 when different types 
of rocks were identified by measuring their natu- 
ral radioactivity. As currently employed the anal- 
ysis depends upon the interpretation of a curve 
obtained by recording the intensity of gamma 
radiation (alpha- and beta-rays have a very small 
penetrating power) as a function of the well 
depth on a suitable recorder. 


1 Koninklijke/Shell Exploratie en Produktie Labora- 
torium, Delft. 


In the last decade nuclear logging methods 
based on the measurement of the secondary 
radiation emitted by rock formations as a result 
of exposing this material to primary radiation 
like neutrons or gamma rays have come into 
vogue. It is the purpose of this article to present 
the physical background and the present state of 
application of nuclear well logging methods. 

One of the most outstanding features of nuclear 
logs is the fact that they may be used in cased 
boreholes. This is due to the penetrating power 
of gamma radiation and neutrons and proves of 
great value in correlating formations of old wells 
and in clearly defining possible productive inter- 
vals that have been cased off. Nuclear logs may 
be run in holes filled with mud, water, oil or gas. 
As will be seen later the presence of borehole 
liquid and the invasion of this liquid into the 
formation offers severe limitations to the appli- 
cability of some types of nuclear logs. 

Nuclear logging methods can be divided into 
five different types, viz.: 

(1) natural gamma log, 

(2) tracer gamma log, 

(3) scattered gamma log or gamma-gamma log, 
(4) neutron-gamma log, 

(5) neutron-neutron log. 

Since in all nuclear logging techniques some 
kind of nuclear radiation, mostly gamma radi- 
ation, has to be detected, a brief description of 
this item will be given before discussing each 
of the above mentioned methods. 


THE DETECTION OF GAMMA RADIATION 

When a charged atomic or nuclear particle 
passes through matter, it causes excitation and 
ionization of the molecules of the material. Un- 
charged radiations like X-rays, gamma rays and 
neutrons can produce ionizing particles in their 
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certain conditions a rough quantitative determi- 
nation of the uranium, thorium and potassium 
content of sedimentary and igneous rocks is still 
possible by measuring gamma rays in three 
definite pulseheight intervals of the scintilation 
spectrometer. Thorium is measured by the 2.62 
MeV gamma line of iets daughter ? ST, uranium 
by the 1.76 MeV gamma line of iets daughter 
214Bj and potassium by the 1.47 MeV gamma 
line due to the radioactivity of *PK. The most 
abundant naturally radioactive element is po- 
tassium, occurring in the potash feldspar series of 
minerals. Pure sandstones or limestones are made 
up of silicon, oxygen, calcium, and carbon, none 
of which exhibits any appreciable amount of 
natural radioactivity. Shales, on the other hand, 
usually contain potassium (1.5% on the average) 
and also some thorium and uranium (1.7 ppm 
and 0.45 ppm, respectively) and consequently 
show a relatively high radioactivity. A natural 
gamma log usually measures the total intensity 
of the gamma radiation apart from its spectral 
distribution. 

Generally high counting rates designate shales 
or volcanic ash, low counting rates are found in 
the neighbourhood of sandstone, limestone, dolo- 
mite, salt, coal. The natural gamma log shows its 
greatest usefulness in making, correlations in 
several adjacent wells enabling one to follow rock 
strata and to define possible productive intervals 
in wells that were cased before logs were run. 
Under some conditions the amount of shale in a 
porous sandstone or limestone can be estimated 
from the relative gamma counting rate. Gamma 
logs may be further useful for depth measurement 
control and for locating casing perforations. 


THE TRACER GAMMA LOG 


The logging of wells with radioactive tracers 
may be of value in localizing permeable zones in 
the formation. First a natural gamma log of the 
formation adjacent to the borehole is made. 
Subsequently, the well is filled with a carrier 
liquid in which are suspended radioactive par- 
ticles of at least 20 microns in size. Pressure is 
applied to force the liquid into the formation 
the radioactive particles being filtered off. While 
keeping the liquid under pressure the carrier 
liquid is replaced by a liquid which does not 


carry radioactive particles. Now a second log is 


made of the radioactivity of the formation. An 
increase in radioactivity indicates a permeable 
zone. 


THE GAMMA-GAMMA LOG 


The scattering and absorption of gamma rays 
depend on the density of the material in and 


around the borehole; hence a gamma-gamma log 
can be used to measure this density. For this 
purpose so called “densilogs” are run in boreholes 
mainly for geophysical application. Under some 
conditions it is possible to make an estimate of 
the porosity provided rock-grain and fluid 
densities are known. This type of log is generally 
run with a tool containing a collimated gamma 
source and a collimated scintillation counter at 
a certain distance from the source. A heavy shield 
is placed between the source and the detector, 
thus preventing the detector from recording direct 
radiation from the source. The scintillation 
counter can be adjusted so as to detect gamma 
rays in a selected energy interval which offers, 
together with the choice of the gamma source, 
the possibility of obtaining information on the 
variation of the density with distance from the 
borehole. Other applications of the gamma- 
gamma log in oil-well-logging are the location of 
the interface between two liquids of different 
density or between a liquid and a gas and the 
location of the top of a cement ring. Density 
measurements in a producing well may indicate 
the loci where oil, gas and water are entering the 
well. 


THE NEUTRON-NEUTRON LOG AND THE 
NEUTRON-GAMMA LOG 
A neutron log is a record of one or more of 
several phenomena which result from the ex- 
posure of the formation to fast neutrons. Basically 
there are two distinct types of neutron logging 
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Fig. 2 — Gamma scintillation spectrum of 137Cs + 
56Zn as registered by a NaJ(Tl) scintillation counter. 
Both isotopes emit monoenergetic gamma rays of 0.661 
MeV and 1.12 MeV, respectively. In addition, 56Zn 
emits a very weak positron radiation, giving rise to 
annihilation gammas of 0.51 MeV. 


methods in use nowadays, viz. the neutron- 
neutron method, wherein neutrons of a selected 
energy level, reaching the detector are measured, 
and the neutron-gamma method, wherein secon- 
dary gamma radiation is measured. 

In order to understand the possibilities 
furnished by these logging techniques the phe- 
nomena of neutrons interacting with matter will 
now be reviewed. We assume that the neutrons 
emitted from the neutron source are fast, say 
several MeV and monoenergetic. After a neutron 
has left the source it collides with nuclei of the 
various elements of which the formation is com- 
posed. These collisions may be devided into two 
types, the elastic scattering and the non-elastic 
scattering. In the event of elastic scattering, the 
incident neutron transfers kinetic energy and 
momentum to the recoil nucleus according to the 
laws of conservation of momentum and energy. 
No extra nuclear radiation is emitted. The relative 
energy loss of a neutron due to elastic scattering 
is larger the smaller the mass of the struck nucleus 
and the larger the angle of scattering. This 
process is of major importance in many logging 
techniques because of the effectiveness of hydro- 
gen in taking up large amounts of energy from 
the neutron which is slowed down very rapidly 
after a small number of collisions. The elastic 
scattering of neutrons from hydrogen nuclei (i.e. 
protons) can be considered as the collision of 
billiard balls of equal mass. An understanding of 
non-elastic scattering processes requires a more 
detailed view of the properties of nuclei. In 
these processes the kinetic energy of the colliding 
particles is not conserved. The non-elastic 
scattering processes that are important in con- 
nection with oil-well logging are: 

(a) inelastic neutron scattering, 
(b) capture of slow neutrons by nuclei, 
(C) neutron reactions. 

In an inelastic scattering event the struck 
nucleus does not take up all of the kinetic ener- 
gy which the fast neutron has lost, but the nucleus 
is brought into an excited state and emits this 
excitation energy instantaneously by the emission 
of one or more quanta of electromagnetic energy, 
i.e. gamma rays. The number and the energy levels 
of the gamma rays are characteristic of the type 
of nucleus which was struck. Consequently, by 
performing an analysis of the intensity and ener- 
gy of this gamma radiation, a chemical analysis 
of the formation can be derived. 

Two inelastic neutron scattering processes, that 
are important in neutron logging, are 


12C (nn’) '?C* -4.45 MeV 
169 (n,n’) "°0* - 6.13 MeV 


(n,n’) is the notation for inelastic scattering, the 
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asterisk denotes that the product nucleus is in an 
excited state. The energy mentioned in connection 
with these reactions is the energy of the gamma 
radiation. 

The two processes, elastic and inelastic 
scattering of fast neutrons, both contribute to the 
slowing down of neutrons. Since inelastic 
scattering may only take place at rather high 
neutron energies, the presence of hydrogen and 
other effective moderating elements rapidly re- 
duces the probability of inelastic scattering. When 
a neutron has reached thermal energy it has a 
great chance for being scattered elastically again 
and again, but finally it will be captured into 
some nucleus. It becomes incorporated into the 
compound nucleus which is in an excited state 
due to the binding energy of the captured 
neutron. The excited compound nucleus in- 
stantaneously emits one or generally more gamma 
rays, the number and energy of these gamma rays 
being characteristic for the compound nucleus 
and different from the gamma spectrum which 
the same nucleus would have emitted as a result 
of inelastic scattering of fast neutrons. In the case 
of neutron capture by hydrogen, only one gamma 
ray of 2.23 MeV is emitted. All nuclei may 
capture thermal neutrons and consequently 
gamma rays of many different energy levels are 
emitted. Fortunately with a view to oil well 
logging only a few elements have to be considered 
in connection with capture of thermal neutrons. 
These elements exhibit a much larger probability 
for capture than the other elements occurring in 
rock formations and their capture gamma spectra 
show very useful peculiarities. The effective 
capture cross section 0. , i.e. a measure for the 
probability of capture, and the energy of the 
preponderant capture gamma rays above circa 2 
MeV, are listed in table 1. 


Table 1 — Effective capture cross section 0. 
(unit mb = millibarn = 1027 cm?) for thermal 
neutrons and the energy Ey (unit MeV = million 
electron volt) of the predominant capture 
gamma rays for silicon, hydrogen, calcium and 


chlorine. 
5 ä 


Element Si 


O< (mb) 160 320 400 32000 
E, (Mev)| 3.5 - 4.9 | 2.23 |1.95- 6.4 | 2.0-3.0-6.1- 
(casdade) (casdade) 6.6-7.4 


Fast neutrons can give nuclear reactions and 
produre free protons or alpha particles by so 
doing. The product nucleus is radioactive and 
again the decay of this nucleus will be character- 
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istic for the element. The following reactions 
may be important with a view to oil well logging. 


160 (n,p) 16N This reaction has a threshold of 
10.6 MeV, the 1$N nucleus 
decays to 160*, by emitting a 
beta particle, with a half life of 
7.35 second. The 160* finally 
decays to the ground state by 
emitting a gamma ray of 6.1 
MeV. 


2SSj (n,p) ?3Al Threshold energy 3.9 MeV, half 
life © 28Al: 2.3 minute, Ihe 
product nucleus emits a gamma 
ray of 1.78 MeV. 


In most neutron sources for well logging 
purposes used in the past, beryllium powder is 
mixed intimately with alpha radioactive material 
(radiumbromide or polonium) and capsuled. Be- 
ryllium nuclei are bombarded with the alpha 
particles emitted by Ra or Po and neutrons are 
produced according to the reaction ®Be (a,n) ®Li. 
The neutrons emitted by such a Ra-Be or Po-Be 
source are not monoenergetic but have a con- 
tinuous energy distribution up to 11 MeV. These 
neutron sources are small in size and easy to 
handle but on ıthe other hand they exhibit some 
severe disadvantages since the Ra-Be source 
produces roughly 10* times as many gamma rays 
as neutrons and the Po-Be source, which gives 
approximately one gamma ray for each neutron, 
has a rather short half life (140 days). Although 
these sources do produce neutrons with a practi- 
cally constant intensity (apart from the radioactive 
decay of Ra and Po), neutron logging with these 
neutron sources has proved to be successful as a 
qualitative tool for some operations and in recent 
years extensive work has been done to establish 
it as a quantitative tool for determining porosity. 

A more sophisticated method of neutron 
logging makes use of a generator producing 
monoenergetic fast neutrons of 14 MeV with a 
high intensity and free of gamma rays. These 
neutrons are produced by bombarding tritium 
(isotope of hydrogen with mass number 3) nuclei 
with deuterons (ions of heavy hydrogen, mass 
number 2), accelerated by an electric tension to 


an energy of 100—200 keV. The following 


reaction takes place: 
2D+3T *He-+ In 

Some companies have developed a neutron 
generator of small size, producing these T + 
D-neutrons, appropriate for use in a borehole and 
controllable from the surface. Such a generator 
can be turned on and off and is safe to handle 
when not operating. 


The intensity of the T -+ D-neutrons isa factor 
10? to 10% larger than that of a conventional 
capsuled neutron source (Ra-Be, Po-Be). This 
results in an increase in counting rate and hence 
a decrease in the statistical fluctuations. 14 MeV- 
neutrons will penetrate much further into rock 
formations and will be less affected by the fluid 
in the borehole than neutrons of a few MeV. 
Moreover, 14 MeV-neutrons can excite both 
carbon and oxygen in a way that makes it 
possible to detect them. A further advantage of 
the accelerator-neutron-source is that it can be 
pulsed electrically or electromagnetically, thereby 
permitting a separate measurement of transient 
phenomena. With the aid of a pulsed neutron 
source the problem of the disentangling of the 
complex gamma radiation, produced by fast 
neutron bombardment of the material around a 
borehole, might be tackled successfully. This can 
be understood when it is borne in mind that the 
emission of thermal neutron capture gamma rays 
takes place chronologically later than the emission 
of gamma rays due to inelastic scattering of fast 
neutrons, whereas most of the gamma rays of 
decaying neutron-activated nuclei occur much 
later than the capture gamma rays. In most cases 
of logging interest the thermal neutrons diffuse 
through the formation for periods of time 
between 100 and 1000 microseconds. 

In order to obtain appropriate separation of 
the different types of gamma radiations the time 
duration of the pulses of the neutron generator 
has to be about 10 microseconds and the repe- 
tition rate circa 1000 pulses per second. During 
the source pulse the gamma detector is turned 
on for detecting the gamma rays caused by 
inelastic scattering. When the source pulse ends, 
the registration of the inelastic gamma rays is 
blocked electronically and at the same moment 
the detector for capture gamma rays is turned on. 
This procedure is drawn schematically in fig. 3. 
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Detector turned on for activation gammas 


Fig. 3 — Schematic time sequence of fast and thermal 
neutrons in water. 


The only gamma rays appearing in the spectrum 
to be analysed are those produced bij thermal 
neutron capture plus a very small amount of 
activation gammas and the detection lasts about 
250 microseconds. The detection for capture 
gamma rays will now be switched over to the 
detection of activation gammas. A couple of 
capture gamma rays of both silicon and calcium 
are emitted in cascade, i.e. practically at the same 
moment, thus permitting determination of these 
elements by coincidence counting. In this case 
two scintillation counters are used. A special 
electronic circuit, known as “coincidence circuit”, 
only delivers an ontput signal if one counter 
detects one gamma ray of the cascade and the 
other counter detects the accessory gamma ray of 
the cascade. 

In order to establish in a simple way the ad- 
vantage of the pulsed neutron source technique 
in oil well logging we will examine briefly the 
main inelastic and capture gammas of several 
elements typically found in an earth formation 
of interest. Fig. 4 shows schematically the more 
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Fig, 4 — Idealized spectrum of main gamma rays 
produced by an oil-salt water saturated sand exposed to 
14 MeV-neutrans, a, inelastic gammas; b, capture 
gammas. 


important gammas occurring when a clean sand 
whose pores are filled with a mixture of oil and 
salt water are bombarded with 14 MeV-neutrons. 
The characteristic energies of the elements hydro- 
gen, ovygen, carbon, silicon and chlorine are 
clearly observed. The relative heights of the lines 
shown would depend, of course, upon the capture 
and the inelastic scattering cross sections and the 
spectral distribution of these gamma rays and 
upon the relative amounts of the elements 
Present. | 

Since these monoenergetic gamma rays may 
suffer one or more scatterings in the formation 
before they reach the detector and since the 
scintillation counter itself has a rather broad reso- 
lution and a complex response, the actual 
spectrum of the gamma radiation measured by 
the scintillation counter will be much more dif- 
fuse than fig. 4 indicates. 

On the other hand, the possibility of a separate 
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determination of elements arises from several 
favourable circumstances: hydrogen does not 
produce any inelastic scattering, but does emit 
one capture gamma ray of 2.23 MeV, neither 
carbon nor oxygen captures thermal neutrons to 
any significant extent, but they exhibit rather 
strong inelastic gammas, chlorine captures 
thermal neutrons much more effectively than the 
other rock elements. 

By this time only some laboratory experiments 
under simulated circumstances to evaluate the 
possibilities of this type of logging have been 
performed, for example by Caldwell (1958) and 
by Tittman and Nelligan (1959). Results of ex- 
periments carried out by the latter authors, ex- 
ploring the gamma detection technique with time 
discrimination, associated with the use of a 
pulsed neutron source, are shown in figs. 5, 6 and 
7. In these figures the spectra obtained with a 
continuous neutron source have been plotted 
together with the time-separated spectra of the 
pulsed neutron source experiments. The three 
environments investigated consisted of 40% 
porous clean silica sands filled with: fresh water 
(fig. 5), a 15% NaCl solution (fig. 6) and a fuel 
oil (fig. 7). The 14 MeV-neutron generator was 
turned on in pulses lasting approximately 15—20 
microseconds. A 25 microseconds block on the 
detector for capture gammas guarded against 
contamination with inelastic gammas. The 
inelastic gammas were recorderd during a 15 
microseconds interval starting at the same 
moment as the neutron pulse. Since the Compton 
effect for high energy gammas is less probable 
than photoeffect and pair production, each 
monochromatic gamma radiation shows a triad 
structure in its pulse height distribution, viz. a 
photopeak practically corresponding to the energy 
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Eu of the incident gamma rays and two maxima 
as a result of pair production, the pairpeak of 
Eo —1.02 MeV and the escape peak.of Eu — 
0.51 MeV. 

Figure 5 clearly shows that the three peaks 
corresponding to gamma radiation as a result of 
inelastic scattering of neutrons from oxygen, 
which are visible in the “inelastic spectrum” are 
not present in the “capture spectrum” and that 
the hydrogen capture gamma peak is practically 
absent in the inelastic spectrum. The results of 
the competition in thermal neutron capture 
between hydrogen, silicon and chlorine are 
clearly shown in figure 6. The presence of carbon 
in the fuel oil is evident in the inelastic spectrum 
in fig. 7. 

One of the most promising nuclear reactions 
with 14 MeV neuttons in the search for oil seems 
to be the reaction 160 (n,p) 1®N. This reaction, 
which is only possible when the neutron energy 
exceeds 10.6 MeV, can be measured by detecting 
the 6.1 MeV gamma, which is associated with 
the 7.35 second half life decay of 1$N after the 
neutron source has been turned off. The measure- 
ment of this radioactivity offers an unambiguous 
possibility of distinguishing oxygen from any 
other element of the formation. This can be 
understood when it is borne in mind that almost 
all porous rocks filled with water have approxi- 
mately the same oxygen concentration wheteas 
on the other hand the oxygen content in oil 
saturated rocks is 20—30% lower in most 
practical cases. Actual tests have demonstrated 
that this log provides a method for detection of 
oil and measurement of oil saturation (Youmans 
and Zimmermans, 1959). In applying this method 
one has to take into account that the log de- 
flection is not simply proportional to the oxygen 
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abundance, because it is also related to the 
neutron moderating properties of the formation. 

The basis of the determination of porosity by 
means of neutron logs is the slowing down of 
fast neutrons by hydrogen and the subsequent 
capture of the thermalized neutrons. Since oil 
and water have practically the same hydrogen 
concentration, porosity is proportional to hydro- 
gen content, provided the potes are liquid-filled 
and the rock material does not contain chemical- 
Ivy bound water. The neutrons are thermalized 
closer to the source when more hydrogen is 
present, and therefore the capture gammas are 
produced closer to the source. It is also possible 
to measure the porosityv when a fast-neutron 
source is used in connection with two gamma 
scintillation detectors at different distances from 
the neutron source. This technique is termed 
Aual-spaced-neutron-logging. 

On account of the rather high capture cross 
section for hydrogen and the low energy of the 
capture gamma (2.23 MeV) an increase in hydro- 
gen will reduce the high energy capture gamma 
portion, hence an inverse relation exists between 
the high energy capture gamma response of the 
detector and porosity. 

Since an increase in hydrogen reduces the 
neutron energy more effectively, there will also 
exist an inverse relation between the inelastic 
gamma response of the detector and porosity. A 
change in lithology, chemical composition of the 
formation or saturating fluid may change the 
relation between high energy capture gamma 
response and porosity drastically. The influence 
of chlorine is most marked by virtue of its ex- 
tremely high capture cross section (see table 1) 
and its high energy capture gammas, therby 
yıelding an apparent porosity which is lower than 
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the true porosity of the formation. These so 
called chemical effects make the neutron-gamma 
logging method of porosity evaluation not en- 
tirely satisfactory. 

A presumably better approach to the neutron- 
porosity-log problem will be the so-called epi- 
thermal neutron-neutron - log. Epithermal neu- 
trons have an energy much below that of the 
fast neutrons emerging from the neutron source 
but just above that of the thermal level. By 
detecting epithermal neutrons, the thermal neu- 
tron intensity before capture is measured. Since 
the epithermal neutron intensity primarily de- 
pends upon the hydrogen content, this neutron- 
neutron log for porosity determination is free of 
chemical effects. The epithermal neutron detector 
essentially consists of an element showing neu- 
tron resonance capture in the epithermal energy 
range (indium, silver, rhodium, gold) and a 


scintillation counter detecting the gamma 
radiation from this capture. 
Summarizing the possibilities offered in 


principle by an ingenious neutron- and gamma- 
detection technique, it may be stated that much 
valuable information can be obtained when a 
neutron generator producing 14 MeV-neutrons 
is used together with at least two scintillation 
counters in appropriate position (i.e. at optimum 
distance and shielded from the neutron source) 
and elaborate electronic equipment (timedelay- 
and coincidence-circuits and pulse height analy- 
sets). The neutron generator should be of a type 
that can be used either continuously or inter- 
mittently, i.e. producing neutron pulses of a 
certain adjustable duration and repetition 
frequency. Porosity may perhaps be derived most 
accurately from the epithermal neutron counting 
rate. The oxygen abundance has to be found by 
activition analysis, viz. the measurement of the 
decay of 16N. 

Pulsed neutron experiments may give infor- 
mation concerning presence and abundance of 
most elements in the formation. Calcium and 
silicon, each having two capture gammas in cas- 
cade may be determined by coincidence counting 
of these capture gamma rays. The carbon- and 
oxygen content may be derived from the in- 
elastic gamma spectrum. 

The type of analysis described above might 
also serve to detect other elements and ore 
minerals that have commercial value, such as 


37 
boron, sulphur, marganess, mercury, uranium, etc. 
However, in spite of the wide scope of possi- 
bilities of neutron logging, the ultimate aim, viz. 
an unambiguous relation between log response 
and the abundances of so many different ele- 
nients, seems rather remote. In the first place 
the influences of borehole size, drilling fluid 
composition (high hydrogen content), presence 
of casing and cement, affect the penetration and 
interaction of neuttons and gamma rays con- 
siderably and in a rather complex manner; 
secondly problems of fundamental nature con- 
cerning the slowing down of neutrons, the 
diffusion of thermal neutrons and the transport 
of the gamma radiation from its place of origin 
to the detector are involved. The amount of rock 
which gamma rays readily penetrate is not very 
large, even for the most penetrating of these 
radiations (of the order of magnitude of 25 cm). 

Therefore it should be borne in mind that 
nuclear well logging is, in fact, an inspection of 
the formation in the close neighbourhood of the 
borehole. With a view to the detection of carbon 
as a constituent of oil a serious complication is 
caused by the invasion of drilling fluid filtrate 
into the permeable zone immediately surround- 
ing the borehole. When water-base mud is used, 
particulary if the rock grains are waterwet, any 
fluid hydrocarbons will be largely displaced, 
therby obscuring the discrimination between oil 
and water. 

The instrumental development of logging 
tools, appropriate for operation in a borehole, 
will meet several severe problems. Of course, a 
very sturdy construction of both neutron-gene- 
rator and scintillation counter assembly will be 
essential. The strong temperature-dependence of 
present-day scintillation counters presents a 
serious difficulty in view of the fact that the 
temperature in a borehole changes substantially 
with depth. Carrying the signal pulses from the 
detectors underground over a large distance to 
the electronic apparatus at the surface, whether 
by cable, wave guides or wireless, leaving these 
pulses essentially undisturbed, is a really hard 
problem. Nevertheless, the performance of 
present-day gamma spectrometric instruments 
under simulated field conditions and the develop- 
ment of small sized 14 MeV-neutron generators, 
appropriate for well-logging purposes, do seem 
to hold some promise for further progress. 
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CLIMATIC CHANGE AND RADIOCARBON DATING IN THE WEICHSELIAN 
GLACIAL OF DENMARK AND THE NETHERLANDS 


Sv. Th. ANDERSEN!, Hl. DE VRIES? AND W. H. ZAGWIJN ? 


INTRODUCTION 


Whereas the absolute chronology of the latest 
part of the last glacial stage in NW-Europe is 
relatively well known and has proved to be well 
within the limits of radiocarbon dating, our 
knowledge of the early part of that Glacial has 
been rather uncertain so far. Recent detailed 
pollen-analytical studies in Holland and Den- 
mark by two of us may throw now some light 
on the vegetational and climatic development 
during a major part of that period. At the same 
time the most recent development of radiocarbon 
dating seems to have brought the major part of 
the post-Eemian lapse of time within its range, 
and finite dates of significant substages have 
been obtained. Except for a preliminary note 
(Andersen, 1957) the detailed pollen-analytical 
results are still unpublished. Good consistency 
of the results from Holland and Denmark is 
found, however, and some of these are reported 
below together with the publication of the radio- 
carbon dates. 

The stages of vegetational history, or pollen- 
zones, are defined on the basis of the pollen 
content of certain sediments, preferably lake 
muds, where local influence is at a minimum. 
Pollen-zones should thus be considered to be 
bio-stratigraphic units (Hedberg, 1954). As 
pollen-zone boundaries may not always be syn- 
chronous over a large area, chrono-stratigraphic 
units had better be defined by climatic changes 
and, if possible, by absolute ages. 

As the Weichselian Glacial we shall consider 
ıhe time unit beginning with the decrease of the 
summer temperature at the end of the Eemian 
Interglacial, and ending with the finiglacial 
teimperature rise in Scandinavia. In terms of 
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vegetational history the lower limit of the Weich- 
selian may be fixed at the first disappearance of 
the forest and the expansion of non-forest 
vegetation types after the Eemian Interglacial in 
Denmark and Holland. This limit we believe to 
be rather synchronous in these countries. The 
upper limit of this glacial stage may be defined 
as the transition of pollen-zone IIl-IV in Holland 
and Denmark. This transition, however, may be 
slightly younger than the main temperature rise 
(Van der Hammen, 1951; Iversen, 1954). Radio- 
carbon dating places the upper end of the Weich- 
selian at app. 8300 years BC (Iversen, 1953; 
Anderson, Levi and Tauber, 1953; De Vries, 
Barendsen and Waterbolk, 1958; Godwin and 
Willis, 1959). - 


DENMARK 


The pollen-analytical results from Denmark 
were mentioned briefly by Andersen (1957). 
Details will be published later (Andersen, in 
preparation). The material comprises fresh-water 
sediments deposited in depressions of the Saalian 
glacial landscape of Western Jutland. During the 
Eemian Interglacial a great number of such 
hollows contained lakes and bogs (Jessen and 
Milthers, 1928). In the first cold stage of the 
W’eichselian the majority of them were filled in 
by soliflucted and slope-washed mineral matter, 
and only in a few exceptional cases were basins 
available for sedimentation during a somewhat 
longer period. The most complete sequence was 
found at the site Brörup Hotel Bog. Material for 
radiocarbon dating by the enrichment method 
was secured by new borings. Other Early Weich- 
selian sequences from the sites Rodebaek I, 
Herning and Nörbölling have been studied, too. 

A summary of the vegetational development 
during the period studied is shown in fig. 1. 
Corresponding paleotemperatures may be esti- 
point of the interval of increasing temperature. 
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Fig. 1 — Early Weichselian vegetation and chronology 
in Denmark. 


mated as July averages on the basis of the fossil 
record and present-day distribution in Northern 
and Central Europe for species of higher plants. 
Details of the method are discussed by Iversen 
(1954). Temperatures estimated in this way 
should be considered minimum and maximum 
values for warm and cold intervals respectively. 

The data mentioned indicate that the Eemian 
Interglacial in Jutland terminated with a decrease 
of the summer temperature, which reached a 
minimum value in subzone W 2b of the pollen- 
sequence. The average July temperature pro- 
bably decreased more than 10° C in all. The cold 
intervals represented by the subzones W 2b and 
d were separated by a warm interval correspond- 
ing to the subzone W 2c. At the site Rodebaek I 
this period is represented by a gyttja bed inter- 
calated between mineral strata. The summer 
temperature increased by about 5° C. In the 
local sequence it will be referred to as the Rode- 
bzk Interstadial. 

From subzone W 2d-W 3a the summer 
temperature probably increased by 7-9° C. It 
appears to have remained high during the pollen- 
zones W 3-5 with a few minor oscillations. At 
some later point of time the temperature de- 
creased again. The top part of the peat was 
removed by etosion and soliflucted material was 
deposited. The warm period, the Brörup Inter- 
stadial, undoubtedly lasted for several thousands 
of years. Its lower limit may be fixed at some 
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THE NETHERLANDS 


The pollen-analytical results obtained from 
tbe Netherlands will be published in due course 
(Zagwijn, in preparation). The most complete 
sections permitting a better knowledge of the 
Eemian and Early Weichselian vegetational de- 
velopment came from the vicinity of Amersfoort, 
at the type-locality of the Eemian. A number of 
special borings have been carried out there, 
which have also yielded material for radiocarbon 
dating. Both marine and fresh-water deposits 
have been investigated pollen-analytically at this 
spot, all deposits of post-Eemian age consisting 
ot fresh-water deposits (gyttja, peat and inter- 
calated sand). 

A summary of the Late Eemian and Early 
Weichselian vegetational development at Amers- 
foort is given in fig. 2. From these data it results 
that after the Eemian a decrease in temperature 
occurred, which caused a partial deforestation, a 
subarctic parklandscape with much heath being 
the dominant vegetation-type This kind of 
vegetation is quite comparable to that prevailing 
during the Late Glacial zone III (Late Dryas). 
After this phase a temporary rise of temperature 
is manifested by a considerable increase in the 
density of the forest, while even a few thermo- 
philous trees re-appeared. Still they did not play 
a role of any importance in the landscape. Hence 
the improvement of climate cannot have been 
very strong. After this lowermost interstadial, 
climatic conditions deteriorated again, and a 
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Fig. 2 — Early Weichselian vegetation and chronology 
at Amersfoort (the Netherlands). 
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subarctic parklandscape was established a second 
time. Soon afterwards, however, the temperature 
rose again, and rather dense forests dominated 
another time. Now several thermophilous species 
spread, and especially alder and spruce became 
important. From the pollen-diagrams it can be 
seen that this second improvement of climate 
must have been rather noteworthy and more im- 
portant than during the lowermost interstadial. 
This second interstadial is tollowed, as far as we 
know now, by a phase of a very cold, more or 
less arctic climate, but the transition is not known 
in any detail yet. The combined radiocarbon and 
palaeobotanical data, however, obtained from 
many localities in the Netherlands, indicate that 
during a long period following the second inter- 
stadial a toundra-like, almost treeless vegetation, 
dominated. This period is known as the Pleni- 
glacial A (according to Van der Hammen, 1952), 


during which the climate was very cold and wet, 
which is for instance indicated by abundant and 
strong cryoturbation phenomena, solifluction 
deposits, snow-melting water deposits, often 
with Dryas-florae, and numerous peat and gyttja 
horizons. 

The Pleniglacial A was followed by another 
very cold, but evidently dry period, the Pleni- 
glacial B. Then almost everywhere coversand- 
formation was predominant, cryoturbations did 
not occur on any large scale, though frost-cracks 
are still rather common and owing to dry con- 
ditions peat-formation must have been very rare, 
as up till now no peat or gytija deposits are 
krown from the Pleniglacial B. Pollen-analytical 
data are also lacking, except from its very base 
and top, where the pollen-spectra indicate 
toundra-like conditions. It has not been possible 
yet to obtain any reliable radiocarbon date from 
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Fig. 3 — Radiocarbon dates and chronological comparison between Denmark and the Netherlands, 


this period, owing to absence of organic remains. 

Some, still rather uncertain observations have 
been made, which may indicate a temporary 
increase of temperature and corresponding re- 
forestation at the junction of the Pleniglacial A 
and the Pleniglacial B. The C 14 datings obtained 
from this possible interstadial indicate a syn- 
chronity with the Paudorf interstadial of the 
Loess area. Further data remain necessary, how- 
ever, to arrive at a more definite idea about the 
kind of vegetation then prevailing. 

As to the Late Glacial vegetation, climate and 
radiocarbon dating the papers by Van der Ham- 
men (1951); De Vries, Barendsen en Waterbolk, 
(1958) should be consulted. 


RADIOCARBON DATINGS 


The dates older than about 50.000 years 
quoted in fig. 3 are measurements on isotopically 
enriched samples (Haring, De Vries and De 
Vries, 1958). From the lowermost interstadial at 
‚Amersfoort comes the date GRO 1396 - 64.000 
=: 1.100 BP. From the Brörup Interstadial at 
Brörup Hotel Bog two datings have been ob- 
tained which within their limits of error are 
about the same. One comes from pollen-zone 
W 4 (GRO 1470 - 59.430 = 1000 years BP), 
the other from pollen-zone W 3c (GRO 1729 - 
58.740 = 1000 years BP). As was expected the 
Amersfoort Interstadial has proved to be 
distinctly older than the Brörup Interstadial. 

The dates from the Dutch Pleniglacial A range 
from about 50.000 to about 32.000 years BP 
(fig. 3). A sample with a rather small organic 
content has been dated from the still uncertain 
interstadial in between the Pleniglacial A and 
the Pleniglacial B at Breda (Southern Nether- 
lands). The humus gave 29.930 + 300 years BP 
(GRO 2008), the organic matter remaining after 
thorough treatment 31.750 = 400 years BP, so 
the dates are fairly consistent. These dates are 
about the same as those obtained from the 
Paudorf Interstadial, but it should be borne in 
mind, that the material investigated in the Breda 
sample contained only little organic matter, thus 
leaving a certain degree of uncertainty. No good 
radiocarbon dates have been obtained as yet 
from the Pleniglacial B of the Nerherlands, 
which means that there are no data from the 
period between about 28.000 and about 14.000 
BP. More details about the radiocarbon datings 
published for the first time in this paper, will 
be published in due course. 


CORRELATIONS 


Because of its internal consistency we consider 
the correlation of the Early Weichselian 
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sequences from Denmark and Holland as reason- 
ably certain, and existing differences of vegeta- 
tion in the correlated stages can be put down to 
differences of geographical location and soil 
composition. Thus the Rodebzk Interstadial 
from Jutland is likely to correspond with the 
lowermost interstadial in Holland. For this inter- 
stadial we suggest the name of Amersfoort Inter- 
stadial. The Brörup Interstadial could almost 
certainly be correlated with the second inter- 
stadial in the Dutch sequence, we suggest the 
name Brörup Interstadial to be used for this 
interstadial (cp. also Gross, 1958). 

Fig. 3 gives climatic curves for the time since 
the Eemian Interglacial in Denmark and Hol- 
land. The curve for the Late Weichselian in 
Denmark is based on the results of Iversen 
(1954), and for the Netherlands on Van der 
Hammen (1951). We consider the trends of 
the development to be quite certain, while for 
Denmark absolute temperatures are based on 
estimates only, and for the Netherlands no such 
absolute temperatures could. be given yet. Here 
the temperature scale has been drawn according 
to major vegetational types. ’The time scale has 
been adjusted according to radiocarbon datings, 
and is assumed to be correct only where such 
dates exist (indicated by open circles). From the 
curves it may appear that a division of the 
Weichselian Glacial in Northwestern Europe 
may be based on the warm intervals or inter- 
stadials, which may be recognized and correlated 
by the stages of vegetational history and radio- 
carbon dating. Radiocarbon dating of the older 
stages meets with great difficulties. The dates 
for the Early Weichselian stages, however, are 
in agreement with the conclusions based on geo- 
logical data. We believe that they are reasonably 
certain, and we hope that they will prove useful 
for future correlations and for an estimate of the 
absolute lengths of the time intervals of the 
Weichselian chronology. 
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NEW RECORDS OF PLEISTOCENE MAMMAIS FROM THE NETHERLANDS 


D. A. HOOIJER ! 


Among a collection of Pleistocene mammalian 
remains made by Mr. H. Smits of Schiedam there 
are some items which are of sufficient interest to 
be placed on record. They originate from the 
West Schelde near Ellewoutsdijk, in the province 
of Zeeland, and will be deposited in the Teyler 
Museum at Haarlem. The bones have not been 
collected in situ but have been brought up from 
the bottom of the West Schelde by means of a 
sand-dredger, in the years 1950—1954. Bones of 
land mammals obtained in this way from the 
bottom of the West as well as of the East Schel- 
de vary in age from Early Pleistocene (Villa- 
franchian) to Recent. The Villafranchian faunal 
remains are characterized by their black colour, 
and produce a metallic sound when tapped on; 
they represent forms such as: bunomastodontids 
(Anancus) and primitive archidiskodonts (Hooij- 
er, 1953). Most of the fossil bones thus dredged 
from the Schelde bottom, however, are brown in 
colour, and have a lower ash content (65-6844 % 
as opposed to 81-87% for the black bones: Van 
der Vlerk, 1951); they represent forms such as 
mammoth, woolly rhinoceros, giant deer, red 
deer, reindeer, and bison, characteristic of Late 
Pleistocene deposits (Würm Glacial = Tubantian 
of Dutch terminology). A few dredged bones 
with ash contents of 72-74% belong to cave lion, 
straight-tusked elephant, and hippopotamus; 
these have been tentatively assigned to the Middle 
Pleistocene (Mindel-Riss Interglacial = Needian 
of Dutch terminology) by Van der Vlerk (l.c.). 

Three species represented in the West Schelde 
collection, although widely distributed in Euro- 
pean Pleistocene deposits, have not thus far been 
found in any abundance in the Netherlands. Two 
of them, the beaver and the musk-ox, are here 
recorded for the first time from the Schelde 
estuary. Of the third, the cave hyaena, a maxilla 
and a mandible have already been described from 


1 Rijksmuseum van Natuurlijke Historie, Leiden 


Ellewoutsdijk by Kruizinga (1957); the present 
collection contains a cranial fragment and a 


metapodial. 


Castor fiber L. subsp. 


A left femur (Teyler Museum, Pal. Cab. cat. 
no. 16398) is rather well preserved apart from 
the epiphyses, which are lost (fig. 1). Comparison 
with recent femora of the European beaver in 
the Rijksmuseum van Natuurlijke Historie, Lei- 
den, does not reveal any significant difference 


Fig. 1 — Castor fiber L. subsp., Pleistocene, Ellewouts- 
dijk. Left femur, front view, Natural size. 
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either in structure or in size. Moreover, all the 
recent bones seen show the epiphysial sutures; 
complete ankylosis evidently takes place very late 
in life, if at all. The only bone for which the 
fossil Ellewoutsdijk femur might be mistaken is 
the femur of Trogontherium, an extinct beaver- 
like rodent known in the Netherlands from the 
Tegelen Clay (Schreuder, 1929) and from the 
Neede Clay (Hooijer, 1959); these deposits repre- 
sent the Günz-Mindel Interglacial, and the Min- 
del-Riss Interglacial, respectively. The position 
of the third trochanter, which is placed half-way 
up the fossil bone, distinguishes it at once from 
a Trogontherium femur, in which the third 
trochanter is much higher in position, hardly 
separated from the great trochanter (Schreuder, 
1929, p. 209 and pl. XI). 

Cranial, dental, and skeletal material of the 
beaver has been recorded in great detail from the 
Tegelen Clay by Schreuder (1929). Although the 
beaver occurs in Europe throughout the Pleisto- 
cene, and has been able to subsist in the Nether- 
lands well into the last century, there are 
surprisingly few Pleistocene records of Castor 
fiber in this country apart from the Tegelen 
Clay. Schreuder (1943, p. 422) has recorded a 
fragment of an ulna from a boring at The Hague, 
and a metatarsal from a boring in the Beemster 
polder north of Amsterdam; these remains date 
from the Riss Glacial, and the Riss-Würm Inter- 
glacial, respectively. Mention should also be made 
of a fossil mandible of Castor fiber found on the 
beach near Katwijk, recorded by Martin (1941), 
preserved in the Teyler Museum (Pal. Cab. cat. 
no. 15117), which is, however, probably Holocene 
in age. 


Fig. 2 — Crocuta crocuta spelaea (Goldfuss), Pleisto- 
cene, Ellewoutsdijk. Cranial portion of skull, left 
lateral view. Y) natural size, 


Fig. 3 Crocuta crocuta spelaea (Goldfuss), Pleisto- 
cene, Ellewoutsdijk, Crahial portion of skull, posterior 
view. YA natural size. 


The Ellewoutsdijk femur of Castor fiber dates 
either from the Upper or from the Middle di- 
vision of the Pleistocene, and more probably from 
the former. Villafranchian beavers tend to be 
rather large, with a particularly powerful rostrum 
and upper incisors (Viret, 1954, under Castor 
plicidens Major); their limb bones probably were 
also rather heavy as compared with those in the 
living form. In the Mindel-Riss Interglacial (Mos- 
bach: Von Reichenau, 1912) the beaver jaws 
average larger than the recent as well. The 
humerus from the Riss-Würm Interglacial of 
Fontechevade described by Arambourg (1958, p. 
223) is likewise distinguished by its large size, 
although it does not exceed the limits of variation 
found in the recent species, Neither does the fos- 
sil femur from the West Schelde recorded above; 
it has all the characters of its homologue in the 
extant form of beaver now confined to certain 
portions of Scandinavia, and along the courses of 
some of the larger rivers of central Europe, as the 
Rhone, Elbe, and Danube. 


Crocuta crocuta spelaea (Goldfuss) 


The cave hyaena is a post-Villafranchian im- 
migrant in Europe, and widely spread in Late 
Pleistocene deposits, ranging from. Britain to the 
Black Sea, and southward into Italy, Spain, and 
North Africa (see map in Boule, 1919, p. 257, 


“fig. 41). In our country it has thus far only been 


found as dredged specimens: a maxilla from the 
Meuse near Hatenboer in northern Limburg prov- 
ince (Hooijer, 1952), and another maxilla plus 
a mandible from Ellewoutsdijk (Kruizinga, 1957). 
In the present collection from the West Schelde 
near Ellewoutsdijk there are three specimens 
referable to the cave hyaena, viz., the posterior 


part of a calvarium, a mandibular fragment, and 
a left third metatarsal. 

The cranial portion (Teyler Museum, Pal. Cab. 
cat.no, 16399) comprises the brain case broken 
off just in front of the posterior zygomatic roots 
(fig. 2); the sagittal crest and the whole of the 
occipital region are very well preserved (fig. 3), 
but the bullae are damaged. The sutures between 
the parietal, squamosal, and occipital bones are 
still open, and so is that between the basioccipital 
and the basisphenoid; it is, therefore, evident that 
the animal was not quite full-grown at the time 
of its death. A metrical comparison of the fossil 
specimen with recent skulls of the spotted hyaena 
(now living in Africa south of the Sahara) in 
which all these sutures are obliterated (table 1) 


Table 1 — Measurements of the skull of 
Crocuta crocuta spelaea and of Crocuta crocuta 
subsp. (in mm). 


Grocuta Crocuta crocuta subsp. 


crocuta Leiden Museum 
spelaea cat.a cat.b cat.c 
Length from anterior edge 
of glenoid fossa to 
posterior margin of occi- 
pital condyle 88 sl 80 93 
Greatest width of brain case 90 84 82 80 


Greatest width of occiput 110 92 100 95 
Width of occipital condyles 56 51 50 52 


Height from basion to top 
of crest 102. 72.88 95 98 


Fig 4 — Croeuta crocuta spelaca (Goldfuss), Pleisto- 
cene, Ellewoutsdijk, Left third metatarsal, dorsal view. 
Natural size, 
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shows that the fossil skull exceeds the recent 
adults some ten per cent in linear dimensions. 
This, in fact, is the only distinction that can be 
made between the fossil and the recent skulls of 
Crocuta crocuta, a distinction also manifest in the 
teeth (see Hooijer, 1952, fig. 4). 

The mandibular fragment (Teyler Museum, Pal. 
Cab. cat. no. 16400) is part of the right ramus 
comprising the greater part of the masseteric 
fossa and the alveoli of P, and M,. This specimen 
is likewise more robust than the recent, the heighu 
of the ramus behind M, being 53 mm as opposed 
to 45-49 mm. 

The metapodial, a third metatarsal from the 
left side (fig. 4), is Teyler Museum, Pal. Cab.cat. 
no. 16401. It is perfect, and agrees with its recent 
homologue but for the slightly increased thickness 
as shown in table 2. The relatively thick character 
of the limb and foot bones in the cave hyaena 
would suggest that it had a more crouching gait 
than its living cousin (Reynolds, 1902, p. 22). 


Table 2 — Measurements of the third meta- 
tarsal of Crocuta crocuta spelaea and of Crocuta 
crocuta subsp. (in mm). 


Crocuta crocuta Grocnto crochta 


spelaea Leiden Museum, 

cat, a 
Length 81% 81 
Proximal with 14 131% 
Proximal ant.post.diameter 20 18 
Middle width Il 11 
Middle ant.post.diameter 10 0) 
Distal width 12% 111% 
Distal ant,post.diameter 13 13 


Ovibos moschatus (Zimmermann) subsp. 


Pleistocene musk-oxen have been found at 
about 80 localities in Europe (see map in He- 
scheler and Kuhn, 1949, p. 243, fig. 104), and 
they date mostly from the Würm Glacial. Their 
present distribution is from northern Canada to 
the east coast of Greenland, where they live in 
the tundra at the edge of the ice sheets. The fossil 
finds consist usually of imperfect skulls closely 
tesembling those of the living Ovibos, but other 
parts of the skeleton such as vertebrae, limb and 
foot bones have also been recorded. The first 


find in the Netherlands, a cranial portion of the 


skull dredged from the Meuse near Rossum, was 
recorded only a few years ago by Kortenbout van 
der Sluijs (1957). In the collection of dredged 
fossils from the West Schelde near Ellewoutsdijk 
made by Mr. H. Smits there isa metacarpal (Teyler 
Museum, Pal.Cab. cat.no. 16415) that confirms 
the former presence in this country of the musk- 
ox (fig. 5). Apart from the distal sagittal ridges, 
which are abraded, the bone is well preserved. 
Ic is from right side, and differs from the bovine 


46 


Fig. 3 Ovibos moschatus (Zimmermann) subap,, 
Pleistocene, Ellewoutdijk, Might meracnrpal, dor 
view, Wo natural nize 


metnenrpal in its shortness and stoutness, In pro- 
portions It agreen with a recent munk-ox metnchr- 
pal, alehough it is about ten per cent larger in 
linear dimensions as may be expected in a Pleisto- 
cene fossil (table 3), 


Table 3 Mensurements ol metncarpal in 
fossil and recent Ovibos moschatus (in mm), 


rocont 
Ellowoutdijk (beiden Museum, 
cat, A) 
hensch IH8 175 
Proximal wicdeh 50 55 
Proximal antpost.dlamerer I 15 
Lone width ol nhale A2 3’ 
Ant, pontsllameter, same level 26 al 
Distal width 7A oA 
Ant, postllameter ol Internal 
eondyle of left trochlen IB) 40 
Ratlos Proximal 
wideh / lensch 0,Al 0,31 
Rarloı Dis 
wicdeh / lensch 0,49 0,37 
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GEOLOGISCH EN MIJNBOUWKUNDIG NIEUWS 


DE "XI. BERG- UND HÜTTENMÄNNISCHE 
TAG” vindt van 8—11 juni in Freiberg (Sachsen) 
plaats. De gewone voordrachten, die op 9 en 10 juni 
worden gehouden, zijn in zeven groepen gerangschikt, 
met de volgende onderwerpen: 

(1) natuurwetenschappen en mijnbouwkunde 

(2) geologie (speciaal metamorfe gesteenten en delf- 
stoffen, geofysica) 

(3) dagbouw 

(4) diepe mijnbouw (gassen, mechanisering en automa- 
tisering, mijnmeetkunde) 

(5) metaalverwerking 

(6) metallurgie 

(7) kolenveredeling en ondergrondse opslag van gas. 


Verzoeken om verdere inlichtingen en opgaven voor 
deelneming moeten worden gericht aan het ”Aussen- 
institut der Bergakademie”, Akademiestr. 6, Zi. 29, 
Freiberg (Sachsen, D.D.R.) 


INTERNATIONAAL CONGRES OVER GESTEEN- 


TEDRUK (Parijs, 16—20 mei 1960) — Zoals reeds 
verleden jaar in dit tijdschrift werd aangekondigd, zal 
van 16 tot 20 mei 1960 te Parijs een internationaal 
congres over gesteentedruk (pressions de terrains) 
plaatsvinden, welks organisatie is toevertrouwd aan het 
"Centre d’Etudes et Recherches des Charbonnages de 
France” (CERCHAR), 35, Rue Saint-Dominique, Paris 


(7e). De conferenties zullen worden gehouden in het 
Centre Marcellin Berthelot (Maison de la Chimie), 28 
bis, Rue Saint-Dominique, Paris (7e). 

De offici&le voertalen zijn Frans, Engels en Duits 
met gelijktijdige vertaling in deze drie talen. 

De ingezonden bijdragen, meer dan 40, worden in 
deze drie talen vertaald en vooraf aan de deelnemers 
in een taal naar keuze toegezonden, terwijl tijdens de 
conferenties discussies aan deze bijdragen zullen wor- 
den gewijd. 


Programma: 

16 mei: ondersteuning; 

17 mei: modelproeven, eigenschappen var het ge- 
steente; 

18 mei: meetinstrumenten en meetmethoden onder- 


gronds, waarnemingen en metingen in gale- 
rijen; 

waarnemingen en metingen in pijlers, invloed 
van de afbouwmethode op het gedrag van het 
gesteente; 

ontwikkelingen bij de controle van het dak. 


19 mei: 


20 mei: 


Aanmelding tot deelneming dient vö6r 1 maart 1960 
te geschieden. Inschrijvingsformulieren zijn op aanvraag 
naar keuze in de Franse, Engelse of Duitse taal ver- 
krijgbaar bij Dr. W. de Braaf, Centraal Proefstation, 
Staatsmijnen in Limburg, Postbus 2, Hoensbroek- 
Treebeek. 


ERRATUM 


In the paper by K.C. Cup and H. Wensink, The 
lead-zince ores of Yenefroti near Panticosa (Spanish 
Pyrenees), published in the December issue 1959, a 
line was omitted in the caption of photograph D, plate 
II (page 440). It should read: 


D - Micro-photograph of a polished section. Mass 
of gelena which englobes small grains of jamesonite 
(fair pleochroitic), in the circle: idiomorphic grains of 
probably gersdorfite (bright, low relief), and grains of 
pyrrhotite (bright, high relief). x 100. 


BEEFENSECHARPELDKE MEDEDELINGEN 


NIEUWE VONDSTEN VAN DRYAS-FLORAE IN NEDERLAND 


Bij onderzoek van monsters, vetricht op het 
Palaeobotanisch Laboratorium van de Geologi- 
sche Dienst, uit boringen van het Peelgebied en 
de aangrenzende Grote Slenk, is een aantal over- 
blijfselen van planten te voorschijn gekomen, die 
als bestanddelen van de arctisch-alpine Dryas-flo- 
ra kunnen worden beschouwd. : 

Tot dusverre waren uit ons land nog geen 
vondsten van dergelijke overblijfselen zuidelijk 
van de grote rivieren bekend, terwijl voorts de 
reeds bekende vondsten alle in afzettingen van 
de laatste ijstijd, het Weichselien, werden gedaan. 

In een drietal gevallen nu, afkomstig uit het 
bovengenoemde gebied, kon met zekerheid wor- 
den aangetoond, dat overblijfselen van de volgen- 
de arctisch-alpine soorten: Dryas octopetala, Salıx 
herbacea, Polygonum viviparum, voorkomen in 
lagen ouder dan het laatste interglaciaal (Eemien). 
Dit werd onder meer afgeleid uit het feit dat de 
Dryas-houdende lagen zich bevonden onder af- 
zettingen van het Eemien, terwijl zij voorts gele- 
gen waren boven de Formatie van Veghel, welke 
gewoonlijk gerekend wordt uit het eerste deel 
van de voorlaatste ijstijd (Saalien) te dateren. We 
hebben hier dan ook te maken met de eerste 


vondst in ons land van overblijfselen van een 
Dryas-flora uit het Saalien. 

Dit is in goede overeenstemming met de pollen- 
analytische bevindingen van Florschütz en Anker- 
van Someren (Meded. Geol. Stichting, nieuwe se- 
rie, deel 10). 

Aan de door Van der Vlerk en Florschütz ver- 
melde vindplaatsen van Dryas-florae uit het 
Weichselien van ons land (Verh. Kon. Ak. van 
Wet., afd. Natuurk., reeks 1, deel XX, no. 2, fig. 
3), kan thans een tweetal worden toegevoegd, t.w. 
Nieuwe Wetering (bouwput aquaduct Ringvaart 
Haarlemmermeer) met Salıx herbacea en T'halic- 
trum alpinum;, en Breda (ontsluiting Viscose- 
wijk) met een rijke flora, waarbij o.a. Dryas 
octopetala, Salix herbacea, Thalictrum alpinum, 
Polygonum viviparum en Saxifraga oppositifolia. 

Wij willen niet nalaten, onze dank uit te spre- 
ken aan de heren J. C. van den Toorn (Geologi- 
sche Dienst) en Dr. N. A. de Ridder (Instituut 
voor Cultuurtechniek en Waterhuishouding) voor 
de bereidwilligheid, waarmede zij ons monsters 
voor onderzoek ter beschikking stelden. 


W. H. ZAGWIJN 
J. DE JONG 


EEN VERRASSENDE STRATIGRAFISCHE ONTDEKKING IN DE KUSTVLAKTE VAN SURINAME 


Tot voor kort werd aangenomen dat de kust- 
strook van Suriname bestaat uit kwartaire sedi- 
menten van grote dikte, liggende op de pre- 
paleozoische kern van grano-diorieten, gneizen 
en schisten. 

Aan het einde van het vorige jaar bleek uit 
enkele ons door de Geologisch-Mijnbouwkundige 
Dienst van Suriname voor ouderdomsbepaling 
toegezonden monsters van een boring in de kust- 
vlakte, in welke monsters door de Geologisch- 
Mijnbouwkundige Dienst foraminiferen en an- 
dere organismen werden aangetroffen, dat een 
groot deel van deze sedimenten uit het Tertiair 


afkomstig moet zijn. Een paleontologisch juiste 
ouderdom kan nog niet worden gegeven, maar 
deze is minstens Mioceen, wellicht zelfs Paleogeen. 
Het spreekt vanzelf dat op de genese van dit 
gedeelte van Zuid-Amerika thans een geheel an- 
der licht valt. De ruim 330 m diepe boring zal 
thans volledig worden onderzocht op de Geologi- 
sche Dienst te Haarlem, waarvoor de medewer- 
king werd verkregen van Dr. T. van der Ham- 
men (paleo-botanie) en Dr. C. W. Wagner 
(ostracoden). Ondergetekende zal de foraminife- 

ren voor zijn rekening nemen. 
J. H. VAN VOORTHUYSEN 


BROFTRERHRE MB TEM DUB 


Lehrbuch der Paläozoologie, von A. H. MÜLLER, 
Band I, Allgemeine Grundlagen. xii -+ 322 S. 
mit 177 Abb. Band II, Invertebraten,; Teil 1, 
Protozoa-Mollusca 1, xv -- 566 S. mit 652 Abb. 
VEB Gustav Fischer Verlag, Jena 1958-1959. 
Prijs geb. resp. DM 32.20 en 74.—. 

Aan de boeken over paleontologie, die sinds de oor- 
log zijn verschenen, zal men weldra een driedelig duits 
boek kunnen toevoegen. Van de tot dusverre versche- 
nen franse, engelse en amerikaanse boeken onderscheidt 
het zich vooral doordat het veel uitvoeriger aandacht 
schenkt aan allerlei algemene aspecten van de paleonto- 
logie. Her cerste deel is daar geheel aan gewijd. De 
beide andere delen brengen dan de systematische pa- 
leontologie: her tweede deel, dat zelf weer in twee de- 
len zal verschijnen, de evertebraten, en het derde deel 
de vertebraten. 

Het is verheugend dat de schrijver in het eerste deel 
ruimschoots aandacht besteedt aan enkele uiteenlopende 
algemene onderwerpen. Niet alleen bestaat daar behoef- 
te aan, o.a. door de ontwikkeling van de stratigrafie in 
de richting van wat Dunbar en Rodgers met cen grapje 
stratigenie hebben genoemd, maar bovendien is de 
schrijver een erkende autoriteit op dit terrein. Wie zijn 
vroegere werk kent zal dus niet verbaasd zijn hier on- 
derwerpen als fossilisatie uitvoerig behandeld te vinden. 
Voorts vindt men in het eerste deel een vrij lang fy- 
logenetisch hoofdstuk, waarin ook enkele aanverwante 
onderwerpen als paleontologische overlevering en fy- 
sische-tijdmeting zijn ondergebracht, Hoewel dit hoofd- 
stuk op tal van belangrijke aspecten de aandacht ves- 
tigt, is her wat eenzijdig en onevenwichtig om als alge- 
meen hoofdstuk in een dergelijk bock helemaal te kun- 
nen bevredigen, Overigens mag wel direct erkend wor- 
den dat een zuiver paleontologische benadering van 
het vraagstuk geen eenvoudige taak is. De belangrijk- 
ste aspecten, die hier naar voren worden gebracht, zijn 
explosieve evolutie en orthogenese, met er tussen in 
een beschouwing over de theorie&n van Schinderwolf, 
Beurlen en Simpson. Het laatste hoofdstuk is oecolo- 
gisch georiönteerd. Het geeft een uitstekend overzicht 
van alle nekrotische processen en van een aantal fysio- 
logische verschijnselen, waar toevallig bij fossiel ma- 
teriaal wel eens iets van weerspiegeld is. Het onderwerp 
blijfe zodoende enigszins in de sfeer van de curiosa, 
terwijl de "gewone” paleo-oecologie nauwelijks tot 
haar recht komt. Onvoldoende bekendheid met de en- 
gelse en amerikaanse literatuur, die in de literatuurlijst 
van dit hoofdstuk ook geheel en al ontbreekt, is hier 
vermoedelijk niet vreemd aan. 

Ondanks de gesignaleerde hiaten, waar men dan de 
seografische en de stratigrafische verspreiding van fos- 
sielen nog aan toe zou kunnen voegen — twee onder- 
werpen, die helemaal buiten beschouwing blijven —, 
acht ik het boek een aanwinst voor de literatuur, in de 
eerste plaats omdat er weinig op dit gebied bestaat, en 
in de tweede plaats omdat wat er wel in staat, er zo 
goed in staat, 

Van het systematische gedeelte van het boek, het be- 
langrijkste gedeelte, is nog slechts de eerste helft van 
het tweede deel verschenen, dat de behandeling bevat 
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van de Protozoa, Archaeocyatha, Porifera, Coelenterata, 
Bryozoa, Brachiopoda, wormen en een deel van de Mol- 
lusca. Uit de omvang van dit deel, ruim 500 bladzijden, 
zou men de indruk kunnen krijgen, dat de behandeling 
uitvoeriger is dan in de meeste leerboeken in een deel. 
In werkelijkheid is de ruime druk hiervoor aansprake- 
lijk. Her boek blijft dus geheel en al een leerboek, en ik 
kan niet anders zeggen dan dat een zeer goed leerboek 
is. De behandeling geschiedt bij iedere groep volgens 
een vast, weloverwogen plan, de opsomming van ken- 
merken is duidelijk, terwijl de zuiver systematische ge- 
deelten voldoende door algemene beschouwingen over 
bouw, verspreiding e.d. worden aangevuld. De belang- 
rijkste buitenlandse literatuur is niet alleen in de lire- 
ratuuroverzichten vermeld, maar ook verwerkt. De af- 
beeldingen zijn vooral naar duitse fossielen. 

De gevolgde systematiek houdt rekening met nieuwe 
verworvenheden (de graptolieten b.v. vindt men in dit 
deel niet), maar sluit overigens aan bij algemeen gang- 
bare opvattingen, hetgeen de bruikbaarheid als leer- 
boek zeker ten goede komt. 

A. Br. 


Die Entwicklungsgeschichte der Kontinente und 
Ozeane, van E. Kraus, xiii -+F 285 $., mit 99 
Abb., 17 Tafeln, 1 Tab. Akademie-Verlag, Ber- 
lin 1959. Prijs geb. DM 35.—. 

Meer dan de helft van dit boek wordt gevormd door 
de zeven hoofdstukken over de structuur van de con- 
tinenten, waarbij de continentale groei door toevoeging 
van zich uit geosynclinalen ontwikkelende orogenen in 
het middelpunt van schrijvers belangstelling staat, en 
door de vier hoofdstukken met regionale beschouwin- 
gen over de oceanen. Men leidt hieruit direct dus al 
af dat de schrijver zijn onderwerp wel in de eerste 
plaats van geologisch standpunt uit benadert. Een korte 
inleiding brengt een paar hoofdpunten in herinnering 
van theorieen, die zich met de aardse configuratie heb- 
ben bezig gehouden, van de nevelhypothese van Kant 
en Laplace, tot de onderstromingstheorie van Ampferer. 
Van meer belang is de inleiding, die aan de boven 
reeds genoemde hoofdstukken over de "Beobachtungs- 
Grundlagen” vooraf gaat. Deze laat er weinig twijfel 
over bestaan uit welk gezichtspunt de waarnemingen 
zullen worden beschouwd en geinterpreteerd. In het 
laatste gedeelte van het boek, "Deutungen, Theorien, 
Synthese”, ontwikkelt de schrijver dan een samenhan- 
gend beeld van zijn gedachten over de grote lijnen 
van het patroon van de aardkorst. Het uitgangspunt 
daarbij is de afscheiding van de maan in het Archae- 
cum. De Stille Oceaan is daar het gevolg van, maar 
ook de grote aardse breuken, in hoofdzaak meri- 
dionaal verlopend, zijn bij die gelegenheid ontstaan. 
Deze oude breuken werden aan het einde van het Pa- 
laeozoicum weer geopend, waardoor de "onderstro- 
ming” in staat was de continenten uit elkaar te trek- 
ken. Dit betekent dat de huidige configuratie van con- 
tinenten en oceanen in de loop van de postpalaeozoi- 
sche tijd is ontstaan. 

Men behoeft het niet met deze gedachtengang eens 


te ziin om het boek te kunnen waarderen. Het bevat 
een schat van geologische gegevens, die niet nalaat 
de lezer aan het denken te zetten. Dat is ook het beste 
wat men van een boek over dit probleem kan verwach- 
ten. 

Het boek is over het geheel goed geschreven, waar- 
bij de centrale gedachte zelden uit het oog verloren is. 
Hier en daar treft men wel eens de neiging aan om de 
beschikbare gegevens te veel in de gewenste richting 
te interpreteren, maar dit is vermoedelijk onvermijde- 
lijk bij een schrijver, die in een controversiele zaak 
van eigen overtuiging blijk geeft. Het enige ernstige 
bezwaar lijkt mij, dat de Engelse en Amerikaanse lite- 
ratuur, die op het onderwerp betrekking heeft, sterk 
verwaarloosd is. Het is hier overbodig op de betekenis 
van allerlei onderzoekingen uit de laatste decennia te 
wijzen. In dit boek zoekt men er vergeefs naar. 


Das Eiszeitalter. Grundlinien einer Geologie 
des Quartärs, von P. WOLDSTEDT. Zweite, völlig 
neu bearb. Aufl. Zweiter Band: Europa, Vor- 
derasien und Nordafrika im Eiszeitalter. vii + 
438 S. mit 125 Abb. und 24 Tab. Ferd. Enke 
Verlag, Stuttgart, 1958. Prijs ing. DM 65.—, 
geb. DM 69.—. 


Vroeger is hier reeds de aandacht gevestigd op het 
eerste deel van de nieuwe druk van dit werk, dat ge- 
wijd was aan de algemene aspecten van het Pleistoceen. 
Het tweede deel is gewijd aan de regionale behande- 
ling van de Oude Wereld in engere zin: Europa, Voor- 
Azie en Noord-Afrika. 

Uiteraard neemt Europa de grootste plaats in. De 
schrijver komt tot een nieuwe algemene terminologie, 
die nu niet meer op glacialen en interglacialen is geba- 
seerd, maar op koude en warme tijden. Voor een reeks 
van algemene bruikbare termen is dit een grote voor- 
uitgang. Aangezien de schrijver van mening is, dat uit 
het onderzoek van de laatste jaren wel duidelijk geble- 
ken is dat de alpine vergletsjeringen synchroon waren 
met de scandinavische — en in de loop van dit deel 
van het boek worden daarvoor tal van steekhoudende 
argumenten aangevoerd —, ontleent hij de standaard- 
namen aan beide gebieden. Inderdaad is er alle reden 
om de voor de koude tijden in de eerste plaats de vier 
bekende namen van Penck en Brückner aan te houden. 
Voor de twee, nu wel met zekerheid vastgestelde koude 
tijden, die daar nog aan van voorafgaan, worden de 
termen ”Eburon-Kaltzeit” en ”Brüggen-Kaltzeit” ge- 
bruikt. De laatste naam komt in de plaats van wat 
vroeger "Butley-Kaltzeit” en daarna "Brachter Kaltzeit” 
werd genoemd. Voor de warme tijden is in de eerste 
plaats gebruik gemaakt van de transgressies in het 
Noordzeegebied, en voorts van plaatsen, die afzettingen 
met een flora van een gematigd klimaatskarakter heb- 
ben opgeieverd. De volledige reeks ziet er dan als volgt 
uit: 


Postglazialzeit 
Würm-Kaltzeit 
Eem-Warmzeit 
Riss-Kaltzeit 
Holstein-Warmzeit 
Mindel-Kaltzeit 
Cromer-Warmzeit 
Günz-Kaltzeit 
Waal-Warmzeit 
Eburon-Kaltzeit 
Tegelen-Warmzeit 
Brüggen-Kaltzeit 


Quartär 
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De grote betekenis van het Beneden-Rijngebied voor 
de stratigrafie van het Pleistoceen komt hier wel zeer 
duidelijk tot uiting. Helaas valt de term „Postglazial- 
zeit" hier enigszins uit de toon. Een belangrijk deel van 
de regionale hoofdstukken is gewijd aan de vraag hoe 
de talrijke, in de loop van vele decennia in verschil- 
lende gebieden gegroeide indelingen gepast kunnen 
worden in dit algemene schema. Wel met recht wordt 
in de eerste plaats het noordwestduitse en deense ge- 
bied nader bekekeri, dat door zijn ligging een sleutel- 
positie inneemt. Daarna worden achtereenvolgens ook 
de andere gedeelten van Europa behandeld, die recht- 
streeks onder invloed van de scandinavische vergletsje- 
ringen hebben gestaan. Een afzonderlijk hoofdstuk is 
gewijd aan het Laat-Glaciaal en het Holoceen van het 
gehele noordeuropese gebied. 


Een uitvoerig hoofdstuk brengt dan een overzicht 
van het Pleistoceen in de Alpen. Door de klassieke be- 
tekenis, die dit deel van Europa, vooral door het werk 
van Penck en Brückner, heeft gekregen, is dit een bij- 
zonder belangrijk hoofdstuk. 


In de volgende drie hoofdstukken komt dan het ge- 
bied tussen de beide grote vergletsjeringsgebieden aan 
de orde. Lange tijd verwaarloosd door gebrek aan di- 
recte glaciale verschijnselen, neemt ook dit gebied thans 
een belangrijke plaats in, die nog geaccentueerd wordt 
door de vele andere waardevolle gegevens, paleontolo- 
gisch, archeologisch, etc., die juist uit dit gebied komen. 


De overige vijf hoofdstukken van dit deel zijn ge- 
wijd aan het mediterrane gebied. Daarmee gaat de be- 
handeling dus naar een deel van de wereld met een 
pleistocene ontwikkeling van een ander type. Het euro- 
pese deel heeft natuurlijk nog talrijke aanknopingspun- 
ten met het alpine gebied; de behandeling daarvan 
vormt zodoende een zeer bruikbaar uitgangspunt voor 
een nadere beschouwing van de overige mediterrane 
randgebieden in Afrika en Azi&e met hun duidelijke 
afwisseling van pluvialen en interpluvialen. 


Dit werk berust natuurlijk op de bestudering van een 
niet bij benadering te schatten hoeveelheid literatuur, 
die bovendien nog van zeer uiteenlopende herkomst. is. 
Alleen iemand, die zelf wel eens getracht heeft de weg 
te vinden in een dergelijke doolhof van detailpubli- 
katies, kan waatschijnlijk ten volle de er aan bestede 
tijd en inspanning naar waarde schatten. Intussen is dit 
werk veel meer dan een compilatie. Uit hetgeen in 
de inleiding van deze bespreking werd gezegd, moet 
het duidelijk zijn, dat de schrijver tot een synthese 
komt, die weer tal van nieuwe elementen bevat. Ik ge- 
loof dan ook zonder overdrijving dit deel als een mijl- 
paal in de geschiedenis van het onderzoek van het 


Pleistoceen te kunnen beschouwen. 
A. Br. 


Ouaternary stratigraphy and climate in the Near 
East, von K. W. BUTZER. 157 p., illus. (Bonner 
Geographische. Abhandlungen, Heft 24). In 
Kommission bei Ferd. Dümmlers Verlag, Bonn 
1958. Prijs ing. DM 11.20. 


In vergelijking met de intensiteit, waarmee het Plei- 
stoceen van de voormalig vergletsjerde gebieden op het 
noordelijke halfrond is bestudeerd, moeten de tropische 
en subtropische gebieden als nog vrijwel onontgonnen 
terrein worden beschouwd. Wel kan men zeggen, dat 
het onderzoek er van juist ver genoeg is voortgeschre- 
den om ons de grote betekenis van deze gebieden voor 
een volledig begrip van de pleistocene ontwikkeling 


* te doen beseffen. Waarschijnlijk is Blanckenhorn de 
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eerste geweest, die, in 1896, heeft gewezen op de cor- 
relatie tussen de vergletsjeringen in de gematigde stre- 
ken en de pluvialen in het mediterrane gebied. Voor 
tal van andere gebieden is deze correlatie later beves- 
tigd, maar wij beschikken nog slechts van weinig ge- 
bieden over een gedetailleerde kennis van de pluviale 
chronologie. Deze studie is daarom weer een welkome 
bijdrage tot onze kennis van de ontwikkeling van het 
Pleistoceen buiten de gebieden met continentale ver- 
gletsjeringen. 

Hoewel deze studie gebaseerd is op bijna twee jaar 
veldwerk, hoofdzakelijk in Egypte en de Levant, geeft 
de schrijver toch meer een overzicht van het Pleistoceen 
in het hele gebied tussen Libi& en de Perzische Golf, 
dan een verslag over eigen onderzoek in het veld. De 
belangrijkste hoofdstukken zijn zeker die over de gla- 
cio-eustatische bewegingen en over de pluviale chrono- 
logie van het Midden- en Boven-Pleistoceen. Glaciale 
verschijnselen zijn uit het beschouwde gebied slechts 
op kleine schaal en alleen uit de laatste ijstijd bekend. 
Het hoofdstuk over de postpluviale ontwikkeling, on- 
geveer overeenkomend met de postglaciale ontwikke- 
ling in de vergletsjerde gebieden, is bijzonder belang- 
wekkend door het verband met de ontwikkeling van 
de menselijke culturen. De sterk klimatologisch ge- 
orienteerde beschouwingswijze vindt zijn bekroning in 
het slothoofdstuk over de atmosferische circulatie in het 
Nabije Oosten sinds het einde van het Midden-Pleisto- 
ceen. 


ABr: 


Application de la geologie aux travaux de 
Pingenieur, par J. GOGUEL. 357 p., 118 fig. 
Masson & Cie, Paris 1959. Prijs 43 NF. 

Een bijzonder aardig en instructief boek, dat verslag 
geeft over de ervaringen van de geologische aspecten 
vooral van hydrogeologisch werk. Het boek preten- 
deert in geen enkel opzicht zich op het terrein van de 
ingenieur te begeven, geen constructiemethoden van 
dammen of tunnels, maar wel die aspecten van de 
geologische gesteldheid, die de ingenieur moeten in- 
teresseren, al is hij zich daar veelal niet van bewust. 

In het eerste gedeelte, hoofdstuk 1 tot 4, worden de 
wijzen van onderzoek besproken. In de hoofdstukken 
5 tot 15 worden de gesteente-eigenschappen behandeld, 
die de ingenieur behoren te interesseren, in het bijzon- 
der de hydrologische eigenschappen. In de hoofdstuk- 
ken 11 tot 15 komt de mechanische weerstand van de 
gesteenten ter sprake. In de laatste hoofdstukken, 16 
tot 18, wordt het dynamische karakter van de gesteen- 
ten onderzocht. : 

De voorbeelden, die in grote getale naar voren ge- 
bracht worden, zijn voornamelijk aan de franse erva- 
ring ontleend. Dit is slechts een voordeel, want nergens 
is deze tak van toegepaste wetenschap zover gevorderd 
als daär. In Frankrijk lijdt men veel minder dan bij 
ons onder de fictie, dat de ingeniur alwetend is en geen 
advies van andere experts behoeft. 

Het boek munt uit door helderheid en door grote 
diversiteit van de behandelde problemen, die zeer kri- 
tisch bekeken werden. Het is duidelijk dat de auteur 
over een grote ervaring beschikt, want onophoudelijk 
ontmoet men praktische raadgevingen, die hieraan ont- 
leend zijn. 


d. S. 
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GEOLOGISCHE NOMENCLATOR 


In december 1959 verschijnt bij de N.V. J. Noorduyn & Zn. te Gorinchem een Geologische 
Nomenclator in de Engelse, Franse, Duitse en Nederlandse taal, samengesteld door het Ko- 
ninklijk Geologisch Mijnbouwkundig Genootschap. Het boekwerk omvat 5244 XVI pagina’s 


druk, in formaat 16 x 25. 


De prijs in de boekhandel zal f 45,— bedragen. 


De prijs voor gewone en buitengewone leden van het Genootschap is vastgesteld op f 17,50, 


inclusief verzendkosten. 


Elk lid heeft recht op slechts &&n exemplaar. Bestellingen dienen te worden gericht aan het 
secretariaat van het Genootschap, Paviljoensgracht 72 te 'sGravenhage. Betaling dient uit- 
sluitend te geschieden op girorekening 40517 ten name van de penningmeester van het Ge- 
nootschap te 's-Gravenhage. De bestelling kan eveneens op het girobiljet worden vermeld, 
onder opgave van het volledig adres voor toezending. 


De leden worden nogmaals dringend verzocht adreswijzigingen uitsluitend 
op te geven aan het Secretariaat Paviljoensgracht 72, ’s-Gravenhage 
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van Diemenstraat 11 
Den Haag — Holland 
Teletoon 070- 399208 
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Vraagt U eens aan bij de 
SPECIALISTEN VOOR PERSOONLIJKE BEVEILIGING 


GROENEVELD - DORDRECHT 


Tel. 01850-8444 (3 lijnen) 
Sisarijs of Sarisgang 6 
Postbus 86 
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7 HARDVERCHROMEN "” 
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nieuwsie installatie. Vraag geheel vrij- 3 
blijvend inlichtingen. Onze nieuwe 4 |ı 
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L SE ze De Symons zeef type ’F’ wordt geinstalleerd in 
57 horizontale stand. Het gehele geperforeerde oppervlak is beschikbaar 


voor afzeving, hetgeen wordt gewaarborgd door de horizontale werking 
ervan, het materiaal beweegt rustiger, terwijl een uitzonderlijk lage inbouw- 
hoogte wordt vereist. Een vibrerende inloopkast verspreidt het materiaal gelijk- 
matig over het gehele zeefoppervlak (instelbare voeding). Eer snelle 
classificatie vindt hierna plaats. De grote capaciteit gaat gepaard 
met een ongewoon constante scheidingsnauwkeurigheid. 
Steeds wanneer de zeef en het materiaal met elkaar in 
aanraking zijn, bewegen beiden met dezelfde snelheid 
in dezelfde richting. Ofschoon er een grote en 
gelijkmatige voedingssnelheid is, wordt hierdoor de 
sliitage van het zeefdek aanmerkelijk gereduceerd. 
Een tweede dek dat als tegengewicht werkt, ge- 
combincerd met een volledig zwevende beweging, veroor- 
looft trilingen met grote amplitude. Alle bewegende delen 
worden door flexibele ondersteuningen gedragen. De zeef type 
’F' is uitermate geschikt voor scheidingen in meerdere trappen. 


"SYMONS”" 
Horizontaal zeef type "F" 


eo De horizontale zeef is het antwoord 
op het tegenstrijdige probleem 
van grotere capaciteit met hogere 
kwaliteit. en van lagere kosen. 


NORDBERG MANUFACTURING COMPANY 
19, CURZON STREET, LONDON W.1. ENGLAND 
Cables: Nordberg, London 
Head Office and Works: MILWAUKEE, WISCONSIN, U.S.A 


SYMONS .... A REGISTERED NORDBERG TRADE MARK 
# JOHANNESBURG, 42, Marshall St. MEXICO, D.F. Post Box 7816 KNOWN THROUGHOUT THE WORLD 


U wenst een constante 
materiaal-toevoer... 
Wij leveren de 


werktuigen! 


WERKLUST hydraulische OVERLADERS bieden 
U een zeer hoge laadcapaciteit, gepaard aan een 
maximale bedrijfszekerheid. 


VAN KRANENBURG levert deze machine in 2- en 
4-wiel aangedreven uitvoering, met koppelomvormer 
(„torque converter”) en/of stuurbekrachtiging en met 
open of gesloten cabine. 


Breng het eerste contact tot stand door ons NU 
om uitvoerige documentatie te vragen. 


’n verrassende veelzijdigheid 


Werktuig- en Transport en Grondverzet 
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Draaibanken en -automaten 
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Frees - en tandwiel- 
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Shapers en plaatschaafbanken 
Zaag- en draadsnijjmachines 
Slijpmachines (o.a, rond- en 
gercedschapslüjpmachines) 
Plaat- en profielwalsen 
Guillotine en rolscharen 
Hydraulische en afkantpersen 


Mobiele- en railkranen 
Draglines en rupskranen 
Bulldozers en sleuvengravers 
Wiel- en rupslaadschoppen 
Bandiransporteurs 

Trilgoten en -zeven 
Tractoren en hulpwerktuigen 


Pneumatiek en Hoogfrequent 


Luchtcompressoren 
Pneumatisch gereedschap 
Hoogfrequent gereedschap 


Oppervlaktebehandeling 


Gereedschappen E = 
en gieterij 


Machinegereedschappen 
Schroefdraadrolkoppen 
Meet- en spangereedschappen 


Installaties voor staalstralen, 
metalliseren en verfspuiten 


Dynamische balanceermachines Gieterjmachines en -installaties 


Kogel- en cardankoppelingen Industrieovens 


Rosaliahuis ® Leeuwenstraat 19 
Rotterdam-C e Telefoon 120077 


Jaarbeurs Utrecht 5 t/m 14 april 1960 
Terrein Croeselaan Vak V 548-552, 581 


VAN KRANENBURG 


an 


TH 


nun 
nun nagkein 
TI 


L 
H 
men 


2 


GEWEVEN GAAS 


van de grofste tot de fiinste maaswijdtes; 
uit alle weefbare metalen en legeringen 


Ook uit kunststoffen als: 
nylon, polyethylene enz. 


N.V. METAALDRAADWEVERI)J 
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VERZAMELBANDEN 


uitgevoerd in grijs natuurlinnen, geschikt 
voor 12 afleveringen, voorzien van rug- en 
plattitel. Een bijzondere mechaniek maakt 
het mogelijk de losse nummers op eenvou- 


dige wijze zelf in deze band te bevestigen 


Prijs f 3.75 per stuk 


(exclusief verzendkosten) 


Bestellingen te richten aan: 


ADMINISTRATIE „GEOLOGIE EN MIJNBOUW” 


Hofwijckstraat 9 "s-Gravenhage  telef, 070-111875 
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WASSERUEN,SYSTEMEN STAMICARBON 
„A, STAATSMIINEN CYCLOON. EN 

DRUFWASPROCEDE'S 

MECHANISCHE KOOLWINNING 


O.A, SCHRAPER. EN SCHAAFINSTAL- 
LATIES 


TRANSPORTINRICHTINGEN 


Bi 7 


MULTISCHAAFINSTALLATIE 


Leveranties In: 
Nederland, Belgie, Frankrijk en Engeland 


DRILL BITS 


The wide range of Craelius Bits gives the 
possibility [of selecting the most suitable type 
and quality for any particular drilling problem 
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DRUKKER & Zn. N.V. 


RINGDIJK 2 — AMSTERDAM - PHONE 50369 - 53068 
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